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Abstract 

Objective: Ethanol wet-bonding (EWB) technique has been stated to decrease degra- 
dation of resin-dentin bond. This study evaluated the effect of two EWB techniques 
on composite resin-to-enamel bond strength. 

Materials and Methods: Silicon carbide papers were used to produce flat enamel 
surfaces on the buccal faces of forty-five molars. OptiBond FL (OFL) adhesive was 
applied on enamel surfaces in three groups of 15 namely: 

1. Enamel surface and OFL (control); 

2. Protocol 1 of the EWB technique: absolute ethanol was apphed to water-saturated 
acid-etched enamel surfaces for 1 minute before the apphcation of ethanol-solvated 
hydrophobic adhesive resin of OFL 3 times; 

3. Protocol 2: progressive ethanol replacement; water was gradually removed from the 
enamel matrix using ascending ethanol concentrations before OFL apphcation. 
Composite build-ups were made and the specimens were stored for 24 hours at 37°C 
and 100% relative humidity. Shear bond strength test was performed using a universal 
testing machine at 1 mm/min crosshead speed. Fracture patterns were evaluated mi- 
croscopically. Data were analyzed with one-way ANOVA and Fisher's exact test 
(a=0.05). 

Results: There were no significant differences in bond strength between the groups 
(P=0.73). However, regarding failure patterns, the highest cohesive enamel fractures 
were recorded in groups 2 and 3. 

Conclusion: In this study, although both methods of EWB did not influence immedi- 
ate bond strength of composite resin to enamel, the majority of failure patterns oc- 
curred cohesively in enamel. 
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INTRODUCTION 

The past two decades have witnessed a 
worldwide popularity of esthetic tooth-colored 
restorations along with great advances in den- 



tin-bonding technology of resin-based compo- 
site restorations [1]. However, resin-dentin 
bonds have less durability compared to resin- 
enamel bonds because the former is dependent 
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on organic components [2]. Although moisture 
is required for successful bonding, it has a det- 
rimental effect on bond longevity. The imme- 
diate bond strength values of currently availa- 
ble adhesive agents have been reported to be 
quite high; however, aging results in a signifi- 
cant decrease in resin-dentin bond strength, [2] 
leading to continuous failure of bonded resto- 
rations with time in both etch-and-rinse and 
self-etch adhesives [3]. 

Bond strength and durability are critically im- 
portant for the long-term success of restora- 
tions because bond degradation compromises 
adhesion, leading to formation of gaps be- 
tween the tooth structure and restorative mate- 
rials [4]. Thorough infiltration of the adhesive 
agent into tooth structures is the aim of bond- 
ing procedures; it is recommended that the 
collagen fibrils be encapsulated by the bond- 
ing resin so that they would be protected 
against degradation [2, 3]. It is well estab- 
lished that the collagen fibril encapsulation 
degree varies based on the type of the bonding 
agent used, i.e. an etch-and-rinse or a self-etch 
technique. 

With etch-and-rinse adhesives, creation of a 
decreasing gradient of resin monomer diffu- 
sion in the acid-etched dentin structure gives 
rise to incompletely infiltrated zones at the 
base of the hybrid layer, consisting of denuded 
collagen fibrils in the demineralized zone of 
dentin, manifested by the inadequate penetra- 
tion of the adhesive resin into the acid-etched 
tooth structure [5, 6]; this phenomenon may be 
attributed to insolubility of BisGMA in water- 
saturated dentin [2] . 

Previous studies have shown a correlation be- 
tween the instability of resin-dentin bonds and 
an increase in the content of hydrophilic resin 
monomer in dentin adhesives; which acceler- 
ates water sorption and compromises the me- 
chanical properties of the adhesive [7, 8]. Flu- 
id sorption can deteriorate resin-dentin bonds 
produced by currently available hydrophilic 
adhesives [9, 10]. 
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Relatively hydrophobic monomers can be ap- 
plied to acid-etched dentin in an EWB proce- 
dure [9,10-15] because dehydration by ethanol 
results in less hydrophilicity of acid-etched 
dentin, making it possible to apply compara- 
tively hydrophobic monomers in order to pen- 
etrate the demineralized collagen network 
which has shrunk but has not collapsed after 
application of ethanol [9,14]. From a theoreti- 
cal point of view, this would improve resin- 
dentin bond longevity by decreasing water 
sorption through polymerized hydrophobic 
adhesive [9]. It has been demonstrated that 
substituting ethanol for water in Bis- 
GMA/TEGDMA mixtures contributes to a 
better infiltration of dentin, resulting in higher 
bond strength values. Therefore, EWB proto- 
col makes it possible to use hydrophobic res- 
ins that absorb little water to affect dentin 
bonding [1, 9, 10]. Recent studies have shown 
that EWB increases dentin-adhesive bond 
strength and longevity [9, 16]. Sadek et al. 
showed in an in vitro study that this novel 
bonding protocol is superior to currently 
available hydrophilic etch-and-rinse adhe- 
sives. They showed that a decrease in water 
sorption and better encapsulation of resin in 
the demineralized collagen network may im- 
prove the longevity of hydrophobic resin- 
dentin bonds produced by EWB [9]. Li et al. 
[17] and Sadek et al. [9] reported that EWB 
protocol results in bond strength values higher 
than or equal to those produced by water wet- 
bonding protocol. In addition, Hosaka et al. 
reported increased bond strength values and 
longevity with EWB protocol compared to the 
water wet-bonding procedure [18]. Clinically, 
the use of ethanol on dentin without contact 
with enamel margins is impossible. Ethanol 
has a low surface tension and spreads easily 
on the surface [19]. Therefore, the aim of this 
study was to evaluate and compare the influ- 
ence of two protocols of EWB technique on 
the bond strength of composite resin to enam- 
el. 
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The null hj^othesis was: There are no differ- 
ences in bond strength, ultrastructural integrity 
or fracture patterns of enamel bonded with two 
different protocols of EWB with a hydropho- 
bic adhesive and the conventional acid-etching 
technique. 

MATERIALS AND METHODS 
Shear bond strength evaluation 
A total of 45 extracted sound third molars 
were used in this study. The samples were 
stored in 0.2% thymol solution at 4°C and 
used within 2 months after extraction. The 
crowns were cut from the roots and placed in 
flat cylindrical acrylic resin molds, with buc- 
cal surfaces placed horizontally. Subsequently, 
the buccal surfaces were ground using wet sil- 
icon carbide papers up to 600 grit to produce 
flat and smooth surfaces. The samples were 
randomly divided into three groups of 15. In 
group 1 (control), phosphoric acid was used to 
etch the flat and smooth enamel surfaces; then, 
OptiBond FL (OFL) was applied according to 
the manufacturer's instructions (Table 1). 
In group 2, protocol 1 of the ethanol wet- 
bonding technique, or the simplified tech- 
nique, was used, i.e. absolute ethanol was ap- 
plied to water-saturated acid-etched enamel 
for 1 minute and then hydrophobic adhesive 
resin of OFL was appUed [6, 9, 20]. 



In group 3, protocol 2 of EWBT, or the pro- 
gressive ethanol replacement technique, was 
used as follows: The surfaces were chemically 
dehydrated before OFL application. Acid- 
etched enamel surfaces received increasing 
concentrations of ethanol (50%, 70%, 80%, 
95% and 100%, 30 seconds each; i.e. 3 
minutes and 30 seconds on the whole), while 
the enamel samples were kept in the liquid 
phase before a more concentrated ethanol so- 
lution was used. Two coats of the hydrophobic 
OFL primer were applied to ethanol-treated 
enamel surfaces. Excess ethanol was evapo- 
rated and removed using a gentle current of air 
for 10 seconds. 

A thin layer of the OFL adhesive was applied 
and light-cured for 20 seconds using a halogen 
light-curing unit (Coltolux 2.5, Coltene AG, 
Feldwiesenstrasse Altstatten/ Switzerland) 
with a hght intensity of 480 mW/cm^ [6, 9, 
20]. Cylindrical plastic molds measuring 2 
mm in the internal diameter and 1 mm in 
height (Orthorings, Ortho Organizers Inc, CA, 
USA) were placed and fixed on the enamel 
surfaces at an ambient temperature of 22+l°C. 
Composite resin build-ups were constructed in 
all groups using a light-cured composite resin 
(Point 4, Kerr, Orange, USA) in one increment 
(Table 1) according to the manufacturer's in- 
structions. 



Tablel. The materials used in the study, their compositions and modes of applications. 



Material Manufacturers' instructions Composition 



OptiBond FL 

(Three step, etch & rinse 

adhesive) 

(Kerr, Orange, CA, USA) 



1. Etch with 37.5% phosphoric 
acid (15 seconds) 2. Rinse (15 
seconds) and dry (5 seconds) 
3. Apply primer and rub for 15 
seconds. Dry for 5 seconds 4. 
Apply adhesive in a uniform 
thin layer 5. light cure for 30 
seconds. 



Etchant: 37.5% H3P04 

FL Primer: HEMA, GPDM, MMEP, water, ethanol, 
CQ, BHT 

FL Adhesive: Bis-GMA, HEMA, GDMA, CQ, 
ODMAB, filler (fumedsio2, barium aluminoborosiUcate, 
Na2SiF6) coupling factor A174(48 wt% fiUed) 



Pomt 4 Apply in 2 mm layers, light 

Microhybrid composite resin cure for 20 seconds. 
Kerr Corporation, Orange, 
CA, USA 



Ba Si glass TEGDMA, 
EBPADMA, 

silane treated barium glass, sihca(spherical), photo cur- 
ing system 
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Figl, A and B, Two specimens with cohesive enamel fracture related to group 3. 



Composite resin was light-cured using a halo- 
gen light-curing unit (Coltolux 2.5, Coltene 
AG, Feldwiesenstrasse Altstatten/Switzerland) 
with a light intensity of 480 mW/cm . 
The samples were stored at 37°C for 24 hours 
and then underwent a shear bond strength 
(SBS) test at a crosshead speed of 0.5 mm/min 
using a universal testing machine (Dartec, 
HCIO, Dartec Ltd, Stourbridge, UK). SBS 
values were calculated by dividing the force at 
fracture by the initial bonded area. 
One-way ANOVA was applied in order to an- 
alyze the effect of bonding protocol on enamel 
SBS values using SPSS Ver. 11.5 software. 
Statistical significance was set at P<0.05. 



Furthermore, the fracture patterns of compo- 
site resin cylinders on enamel surfaces were 
evaluated under a light microscope at x20 
magnification and classified as follows using 
Fisher's exact test: 

- Cohesive fracture: fracture in the composite 
resin or tooth structure 

- Adhesive fracture: fracture at the adhesive 
interface 

- Mixed fracture: adhesive/cohesive fracture 
(Table 3) 

Interface evaluation by scanning electron 
microscopy (SEM) 

Two extra samples were prepared for SEM 
evaluation in each group. 



Table 2. Bond strength of the specimens in the study groups in MPa (P=0.730) 



Groups 


Group definitions 


Mean+ SD 


CI 95% 
LB UB 


Min. 


Max. 


1 


Control 


29.70+ 11.71 


23.21 36.19 


14.96 


53.18 


2 


Ethanol 100% 


32.16+10.82 


26.17 38.16 


15.60 


51.91 


3 


Ascending ethanol 


29.27 + 9.50 


24.00 34.54 


11.78 


46.81 




Table 3. Distribution of modes of fractures 


in study groups, N(%) 






Groups 


Group definitions 


Cohesive in enamel 


Cohesive in composite 


Mixed 


1 


Control 


5 (33.3%) 


5 (33.3%) 




5 (33.4%) 


2 


Ethanol 100% 


8 (53.34%) 


0 (0%) 




7 (46.66) 


3 


Ascending ethanol 


9 (60.00%) 


0 (0%) 




6 (40.00%) 
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Fig 2. Enamel/composite interface in group 1 (x500) 




Fig 3. Enamel/composite interface in group 2 (x500) 
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Fig 4. Enamel/composite interface in group 3 (x500) 



After each sample was prepared according to 
the method described above, the samples were 
prepared by sectioning. 

The samples were dehydrated using ascending 
concentrations of ethanol (50%, 70%, 95%, 
and 100%) for 1 hour, placed in acrylic resin 
and polished using descending grits of abra- 
sive papers (400, 600, 800, 1200, and 1500) 
and 0.5|j diamond paste with a polishing cloth. 
The samples were placed in an ultrasonic bath 
for 10 minutes between polishing steps. The 
exposed interfaces were treated with 6N hy- 
drochloric acid for 30 seconds followed by a 
10-minute immersion in 2.5% NaOCl. 
After a 20-minute ultrasonication procedure, 
the samples were dehydrated for 24 hours, af- 
fixed to an aluminum mounting stub, and sput- 
ter-coated with platinum-gold to a thickness of 
10 nm for analysis under a scanning electron 
microscope (SEM). SEM images were provid- 
ed under different magnifications at a distance 
of 20 mm. An accelerating voltage of 15.0 
kVp was used for the analysis. 



RESULTS 

Descriptive statistics of SBS values in MPa for 
the three groups under study are presented in 
Table 2. Bond strength values of all the study 
groups to enamel were not significantly differ- 
ent (P=0.730). One-way ANOVA did not re- 
veal any significant differences in bond 
strength values of composite resin to enamel 
surfaces between groups 2 and 3 using two 
different protocols of EWB (P>0.05). 
The fracture patterns are summarized in Table 
3. There were significant differences in frac- 
ture patterns of composite resin/enamel sur- 
faces between the study groups. According to 
the results, the majority of enamel cohesive 
fractures were recorded in enamel in group 3 
(P<0.04, Figure 1). Furthermore, the SEM 
photomicrographs are presented in Figures 2-4 
for the study groups, respectively. As it ap- 
pears in the figures, the integrities of adhesive 
interfaces are similar in the three groups. The 
thickness of the adhesive interface seems to be 
less for group 1, which might be attributed to 
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lower ability of the adhesive to penetrate into 

the acid-etched wet enamel. 
Figures 1-3 show good adaptation between the 
restorative material and enamel in all under 
study groups. 

DISCUSSION 

Failure at dentin-adhesive interface and reduc- 
tion in bond strength values with time have 
been reported, although great technical ad- 
vances have improved resin-dentin bond per- 
formance [2, 20] and this might explain the 
decreased longevity of adhesive restorations in 
the cUnic [21]. Thus, researchers and cUni- 
cians continuously seek new strategies, like 
EWB, to improve resin-dentin bond durability. 
In the present study in group 1 (the control), 
the conventional gold standard etch-and-rinse 
technique with the application of OFL was 
used to bond composite resin to enamel; the 
bond strength was 29.70+11.71 MPa, which is 
consistent with the results of previous studies 
[21]. 

In this study, two different protocols of EWBT 
were used to evaluate enamel bond strength in 
groups 2 and 3. According to the literature, 
when the bonding substrate is dentin, in the 
simplified technique absolute ethanol is ap- 
plied to water-saturated acid-etched dentin 
surfaces for 1 minute before application of 
ethanol-solvated hydrophobic resin co- 
monomer blends [22, 23]. This simplified 
technique was initially advocated in an at- 
tempt to apply hydrophobic resin co- 
monomers to acid-etched dentin in as short a 
time as possible [3]. The same protocol was 
performed for the samples in group 2 in the 
present study. The mean SBS value for this 
group was 32.16±10.82 MPa. Based on some 
concerns, when the bonding substrate was 
dentin, this protocol was highly technique- 
sensitive and did not completely reduce dentin 
permeability or replace the water by outward 
fluid flow without the assistance of tubular 
occluding agents, [3, 24] even with three con- 
secutive applications of absolute ethanol [9]. 



In the alternative version of the technique, wa- 
ter was removed step-by-step from the colla- 
gen matrix by the application of consecutive 
ascending concentrations of ethanol [9, 25]. 
This protocol was carried out in group 3 of 
this study for the enamel substrate; the mean 
SBS value for this group was 29.27+9.50 
MPa. Based on the literature, this version of 
the technique is time-consuming and impracti- 
cal in the clinic [26]. Osorio et al. reported that 
with both techniques when ethanol replace- 
ment technique was not carried out with suffi- 
cient care and precision to protect water- 
saturated collagen matrix from air, the surface 
tension at the air-collagen interface can easily 
collapse the collagen matrix, preventing suffi- 
cient infiltration of adhesive monomers [26]. 
Chuang et al. reported that wetting the enamel 
did not exert a significantly adverse effect on 
the marginal integrity of restorations with the 
use of either acetone- or ethanol-based adhe- 
sives. However, use of self-etching adhesives 
might give rise to a higher incidence of margin 
integrity loss [27]. Recently, Oyama et al. 
compared the surface free energies and enamel 
bond strengths of one-step self-etching adhe- 
sives with and without an oxygen-inhibited 
layer. The oxygen-inhibited layer in that study 
had been removed with ethanol [28]. In con- 
trast with this study, they reported that pres- 
ence of ethanol as an oxygen- inhibited layer in 
one-step self-etching adhesives gave rise to a 
higher enamel bond strength value. They con- 
cluded that the oxygen- inhibited layer might 
act as an electron donor, accelerating the 
polymerization reaction at the adhesive- 
composite resin interface [28]. 
In the present study, OFL was used as a crite- 
rion to designate the commercial adhesive as 
hydrophilic because of the presence of 2- 
hydroxyethyl methacrylate (HEMA) in both 
the primer and the bonding resin. The current 
study showed that ethanol wet-bonding proto- 
cols do not significantly decrease enamel SBS 
values. When bonded with OFL, ethanol 
treatment did not affect either the SBS or the 
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interfacial morphology under SEM. However, 
the number of adhesive fractures decreased in 
the study groups, except in group 1 . Therefore, 
the null hypothesis that ethanol wet-bonding 
protocol has no effect on the SBS values of 
enamel bonded with OFL was confirmed, and 
the other that EWB has no effect on the frac- 
ture pattern of enamel-composite resin bond 
was rejected. In addition, the chemical compo- 
sition of this adhesive is presented in Table 1. 
As it is seen in the table, the primer is com- 
posed of HEMA, polyaUcenoic acid copolymer 
and water, and the bonding resin contains 
BisGMA and HEMA. The presence of HEMA 
in both the primer and bonding resin was used 
as a criterion to designate the adhesive as hy- 
drophilic. However, in the present study there 
was no clear-cut hydrophobic resin as an ex- 
perimental system contrary to the commercial 
adhesive, which might be a limitation of the 
present study. In a similar manner, a hydro- 
phobic resin blend consisting of BisGMA and 
TEGDMA becomes more hydrophilic by in- 
corporating these comonomers into ethanol. 
Regarding dentin, these steps pave the way for 
improved miscibility of the solvated adhesive 
and the collagen matrix, [5] making it possible 
for the ethanol-solvated hydrophobic resin 
blend to penetrate into ethanol-saturated colla- 
gen matrices. Although penetration of resin 
monomers usually gives rise to a diffusion 
gradient of resin infiltration within collagen 
matrices, recent studies with two-photon laser 
confocal microscopy [29] and micro-Raman 
spectral analysis [30] have shown that a rather 
homogeneous distribution of hydrophobic res- 
ins within the hybrid layer is achieved with 
EWB technique. It should be pointed out that 
ethanol is a bipolar solvent with less hydrogen 
bond capacity compared to water, which re- 
sults in the chemical dehydration of the de- 
mineraUzed collagen network [10]. A study by 
Sadek et al. revealed that the resin-dentin 
bond formed with EWB technique and hydro- 
phobic adhesives was still in place after 18 
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months of storage in water without the pres- 
ence of MMP inhibitors [9]. With both ethanol 
wet-bonding protocols, evaporation of water 
from the water- saturated dentin collapsed the 
collagen matrix. However, Osorio et al. 
showed that the collapsed collagen matrix 
could be rehydrated and re-expanded by 50% 
water present in the 50% ethanol using the 
progressive technique [26]. 
Another noteworthy point is that since the in- 
troduction of the concept of "ethanol wet- 
bonding", various ethanol- wet protocols have 
been used to optimize this technique and the 
majority of these techniques have been studied 
on coronal dentin; however, although some 
promising results have been reported with 
coronal dentin, when EWB technique is used 
on coronal substrates, in addition to being time 
consuming, rehydration by dentinal fluid from 
the pulp decreases the efficacy of ethanol de- 
hydration in vital pulp tooth dentin [2,3,10]. 
Therefore, recently some researchers have 
postulated that a dry non-vital substrate, such 
as root dentin after endodontic treatment, 
might be a more suitable substrate for EWB 
technique [10,31]. Recently, Pei et al. reported 
that EWB technique with a stepwise applica- 
tion of ethanol might be potentially beneficial 
in the bonding of hydrophobic adhesives to 
root dentin [10]. However, to the best of our 
knowledge, no study to date has evaluated the 
effect of the technique on enamel bond 
strength. Further research is necessary to make 
a judgment about the efficacy of these bonding 
techniques with vital and non-vital teeth with 
different tooth substrates, including enamel. 
However, in the case of enamel, while there 
were no significant differences in bond 
strength between the two protocols and the 
control group, EWB technique influenced the 
enamel fracture pattern. As most fractures 
were in the enamel structure, it seems that the 
EWB protocol results in dehydration of enam- 
el crystallites, rendering enamel rods more 
susceptible to fracture. 
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It should be noted that one of the techniques 
used to simulate clinical situations in vitro is 
thermocycling; which was not used in the pre- 
sent study and might be considered as one of 
the Umitations of the present study. Given the 
fracture pattern results, it is possible that 
thermocycling or application of other ageing 
techniques, such as storage in water, might 
affect the bond strength; however, further 
studies are recommended in this regard. 
One of the interesting findings of the present 
study, which attracted the attention of the au- 
thors, was a minor discoloration of the sam- 
ples at enamel-composite resin interface in 
groups 2 and 3. Further clinical studies are 
recommended with EWBT to evaluate this 
discoloration. 

CONCLUSION 

Within the limitations of this study it can be 
concluded that: 

1. There were no significant differences in 
enamel bond strengths between the two proto- 
cols of EWB and conventional acid-etch tech- 
nique. 2. Both protocols of EWB technique 
might influence the enamel fracture patterns, 
i.e. the majority of fractures were in the enam- 
el structure. 
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